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(54) Title of the Invention: 



DRUG DELIVERY SYSTEM USING A KERATIN 
HYDROLYSIS PRODUCT AS A CARRIER 



(57) [Abstract] 

5 

[Objective] 

To propose an inexpensive and low toxicity drug delivery system using a keratin hydrolysis 
product as a carrier. 

10 [Constitution] 

A keratin hydrolysis product is a peptide obtained upon hydrolyzing keratin, a protein found in 
living organisms, and has a long residence time in blood. The optimum effective level of a 
pharmaceutical drug is sustained over an extended period of time when a drug delivery system 
of this invention in which a pharmaceutical drug is administered upon binding it on a keratin 
15 hydrolysis product carrier is utilized. The keratin hydrolysis product moves differently in vivo 
depending upon administration route and accumulates in specific areas. Therefore, a keratin 
hydrolysis product can be bonded with a pharmaceutical drug designed to realize drug efficacy 
in a specific area and administered to allow the pharmaceutical drug to accumulate in the 
specific area and enhance efficacy of the pharmaceutical drug. 

20 

[Scope of the Patent Claim] 
[Claim 1] 

A drug delivery system used to administer a pharmaceutical drug supported on a carrier in 
25 which said carrier contains a keratin hydrolysis product. 

[Claim 2] 

The drug delivery system described in claim (1) in which molecular weight of the 
aforementioned keratin hydrolysis product is 3,500 to 4,500. 

30 

[Claim 3] 

The drug delivery system described in claim (1) or (2) in which the aforementioned 
pharmaceutical drug is directed toward liver or kidney. 
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[Claim 4] 

The drug delivery system described in claim (1) or (2) in which the aforementioned 
pharmaceutical drug is a peptide formulation. 

5 [Claim 5] 

The drug delivery system described in claim (1) or (2) in which the aforementioned 
pharmaceutical drug is selected from a group comprising anti-inflammatory agents, anti-cancer 
agents, and anti-viral agents. 

10 [Claim 6] 

The drug delivery system described in any one of claim (1 ) through (5) in which [the 
aforementioned pharmaceutical drug] is a controlled-release formulation. 

[Detailed Description of the Invention] 
15 [0001] - 
[Field of Industrial Utility] 

This invention deals with a drug delivery system that uses a keratin hydrolysis product as a . 
carrier. More specifically, this invention deals with a drug delivery system using a keratin 
hydrolysis product as a carrier in order to present a formulation that has a relatively long half life 
20 in blood and enables effective distribution of a pharmaceutical drug active ingredient in target 
tissues. 

[0002] 
[Prior Art] 

25 A pharmaceutical drug is administered in a designated form such as tablets and injections. 
However, the entire pharmaceutical drug introduced into a human body is not involved in 
achieving effective results^ Only a fraction of the pharmaceutical drug reaches target organs 
and helps to realize the drug efficacy. The remainder of the pharmaceutical drug reaches other 
internal organs where the pharmaceutical drug is not needed and causes side effects. The 

30 conventional formulations were used as convenient means to transport pharmaceutical drugs to 
sites where action was needed, and some waste, inefficiencies, and undesired effects were 
accepted as unavoidable nuisance. Drug delivery systems were developed to solve these 
problems and are systems designed to transfer pharmaceutical drugs to target areas or near 
there without affecting other organs. These systems are used to eliminate accumulation of 
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unnecessarily high drug concentration in blood, to extent the duration of time optimum level is 
sustained in a human body, and to suppress appearance of side effects. 

[0003] 

5 A drug delivery system needs to have a targeting function and a controlled release function. 
The targeting function enables a system to transfer a pharmaceutical drug to a target (specific 
cells, tissues or organs) in a human body and selectively adsorb, accumulate and act. The 
controlled release function prevents said pharmaceutical drug from being released and 
metabolized in a short span of time and enables a constant concentration to be maintained. 

10 

[0004] 

Polymer films such as those of ethylene-vinyl acetate copolymers, poly(lactic acid), 
poly(ethylene glycol), and styrene maleic acid copolymers are useful in controlling the release of 
pharmaceutical products. In addition, research programs are continuing to develop bio 
1 5 medicines that use gradual release polymers that decompose in vivo and to formulate gradual 
release pharmaceutical products using collagen. However, problems related to in vivo 
compatibility, toxicity or cost were encountered. 

[0005] 

20 As far as the targeting function of drug delivery systems is concerned, the most direct targeting 
function places a drug delivery system in an affected tissue in vivo. This type of system is 
already in use in gynecology and ophthalmology. For example, a gynecological system was 
developed to prevent conception by inserting progesterone placed in a T shaped pouch into 
uterus. In ophthalmology, a clear, controlling film was used to seal pirocalpin [transliteration] 

25 and implant the pouch in the fundus of an eye in glaucoma patients in the manner contact 
lenses are. 

[0006] 

However, additional research is needed to improve targeting function in vivo, and the success is 
30 largely dependent on carrier selection. For example, an inexpensive and low toxicity carrier that 
is uniquely incorporated into either liver or kidney has not been discovered yet. Therefore, a 
carrier that bonds with a pharmaceutical drug that needs to deliver its efficacy to the liver or 
kidney and allows the pharmaceutical drug to sustain effective concentration in the liver or 
kidney without having side effects on other organs needs to be developed. Furthermore, 
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adsorption on mucous membrane is poor and half-life in blood is short due to the fact that a 
human body identifies it as a foreign material when a pharmaceutical drug is a protein 
formulation. Therefore, carriers having a capability to extend the residence time in blood of 
protein formulations need to be developed. 

5 

[0007] 

[Problems for the Invention to Solve] 

This invention solves the problems mentioned above. The objective is to present a carrier for a 
low toxicity, inexpensive drug delivery system. More specifically, the objective is to present a 
10 carrier that directs a pharmaceutical drug to specific locations such as liver and kidney and also 
imparts long residence time in blood. Another objective is to establish a drug delivery system 
using such a carrier. 

[0008] 

15 [Means to Solve the Problems] 

This invention deals with a drug delivery system that administers a pharmaceutical drug 
supported on a carrier containing a keratin hydrolysis product, and this invention achieves the 
objectives mentioned above through this system. 

20 [0009] 

In a preferred execution mode, molecular weight of said keratin hydrolysis product is between 
3,500 and 4,500. 

[0010] 

25 In one execution mode of this invention, said drug delivery system directs a pharmaceutical 
drug to liver or kidney. 

[0011] 

In one execution mode of this invention, the pharmaceutical drug used in a drug delivery system 
30 of this invention is a peptide formulation. 
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[0012] 

In another execution mode of this invention, the pharmaceutical drug used in a drug delivery 
system of this invention is selected from a group comprising anti-inflammatory agents, anti- 
cancer agents, and anti-viral agents. 

5 • 

[0013] 

In another execution mode of this invention, said drug delivery system is a controlled-release 
formulation. 

10 [0014] 

In this invention, "a carrier* refers to a substance that is mixed and dispersed along with a 
pharmaceutical drug and is bound to the pharmaceutical drug through means such as 
adsorption and chemical bonding to form a complex. 

15 [0015] 

"A controlled-release formulation" refers to a formulation that gradually discharges (releases) a 
pharmaceutical drug at a desired rate over a designated period of time when the pharmaceutical 
drug-carrier complex described above is administered in vivo. 

20 [0016] 

"Keratin" refers to a major protein ingredient in a structural material on the outermost surface of 
a human body derived from epidermis of an animal skin. It is an insoluble inter-cellular protein 
rich in disulfide bonds. 

25 [0017] 

M A keratin hydrolysis product" refers to a substance obtained by hydrolyzing the keratin 
described above and is a water-soluble substance. 

[0018] 

30 Keratin raw material can be obtained inexpensively and in large quantities from bovine hoofs, 
sheep wool, feathers, hair and nails. As the hydrolysis method, a hydrolysis using Na 2 S, 
hydrolysis using an enzyme, hydrolysis using an acid, and hydrolysis using an alkali can be 
mentioned. However, a hydrolysis using Na 2 S is preferred. A keratin hydrolysis product can be 
readily prepared by conducting a one-step hydrolysis of a raw material. A keratin hydrolysis 
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product having a desired molecular weight can be isolated from a keratin hydrolysis solution 
containing keratin hydrolysis products having various molecular weights using gel filtration or 
dialysis membrane separation. 

5 [0019] 

In a drug delivery system of this invention using keratin as a carrier, a pharmaceutical drug- 
keratin hydrolysis product complex can be obtained by bonding a pharmaceutical drug and a 
keratin hydrolysis product using a method such as chemical bonding, physical adsorption, and 
ionic bonding well known to the practitioners. In an ideal execution mode, a chemical bond is 
10 formed through a chemical treatment upon dissolving a pharmaceutical drug in an aqueous 
solution containing a keratin hydrolysis product 

(0020] 

The quantitative relationship between keratin and a pharmaceutical drug in the pharmaceutical 
15 drug-keratin hydrolysis product complex described above is between 20 parts and 100 parts of 
the pharmaceutical product or preferably between 40 parts and 50 parts to 100 parts by weight 
of the keratin hydrolysis product. The keratin hydrolysis product concentration when a solution 
is used is 0.1-1 0% by weight, and 0.5-1 .0% by weight is preferred. 

20 [0021] 

The pharmaceutical product-keratin complex described above is converted into an injection 
formulation by dissolving it in a physiological saline solution, a physiological buffer solution, or 
distilled water for injections, adjusting the pH to 7.0-7.4, and sterilizing it. Distilled water for 
injections is preferred. The formulation prepared is administered intravenously, subcutaneously, 
25 or intra-muscularly. It can also be administered through a mucous membrane in the form of 
capsules, tablets, or a solution. 

[0022] 

The keratin hydrolysis product used as the carrier enables a long residence time in blood in a 
30 drug delivery system of this invention. 

[0023] 

A keratin hydrolysis product administered to a human body is hydrolyzed by a protease in vivo 
and xcreted in urine. The excretion rate is much slower than that of other proteins, and the 
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residence time in blood is long. The bonding ratios when a solution having a designated 
concentration of a keratin hydrolysis product (referred to as keratin 4000) was brought in cpntact 
with murine plasma or human serum albumin (HAS) are shown in Table 1 . The keratin 
hydrolysis product used had a molecular weight of about 4,000 and was obtained by hydrolyzing 
water buffalo hooves using Na 2 S. As indicated by the results, keratin hydrolysis products 
bonded strongly with plasma components. An extended residence time in blood is attributed to 
this characteristic. 



[0024] 
[Table 1] 



Keratin 4000 


Mouse plasma 


4% HAS 


0.0004% 


85.5±0.6 


69.5±1.8 


0.00112% 


91.5*1.9 


71.8±3.2 


0.002% 


92.2±4.5 


72.5±2.2 



[0025] " 
Therefore, the residence time in blood of a pharmaceutical drug-keratin complex can be 
enhanced and drug efficacy can be magnified by bonding [the carrier] to a protein formulation 
pharmaceutical drug having a short digestive half life such as super oxide damestase 
[transliteration] (SOD) as shown in the examples. An interdependent relationship exists 
between a molecular weight of keratin hydrolysis products and disappearance rate from 
individual organs, and it is thought that disappearance from an organ can be adjusted using the 
molecular weight of keratin hydrolysis products. 

[0026] 

When a residence time in blood of a polymeric compound is extended, the compound is 
generally known to increase the tendency to migrate to a tissue where blood vessel permeability 
is enhanced as in inflamed sections, taking advantage of this phenomenon, a pharmaceutical 
drug can be transferred efficiently to an inflamed area where drug efficacy is desired by using a 
keratin hydrolysis product as a carrier and by bonding it with a pharmaceutical drug agent such 
as an anti-inflammatory agent, an anti-cancer agent, or an anti-viral agent and administering it 
intravenously, intramuscularly, or subcutaneously. 
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[0027] 

A high proportion of keratin hydrolysis products is distributed to liver and kidney when 
intravenously administered, and the keratin disappearing from the blood is uniquely 
accumulated in liver and kidney. This characteristic enables a pharmaceutical drug with 
5 preferred site of drug efficacy achievement in liver or kidney to be directed to those sites. 

[0028] 

Furthermore, this approach is effective even when the pharmaceutical drug is peptide and the 
drug efficacy disappears upon hydrolysis caused by protease. That is, when peptide is the 
10 pharmaceutical drug and is supported on a keratin hydrolysis product, the keratin hydrolysis 
product undergoes a protease induced hydrolysis as a pseudo-peptide of the drug active 
peptide and the pharmaceutical drug is efficiently absorbed when it is administered through a 
mucous membrane (the rectum, nose, and lungs). 

15 [0029] 

This invention is explained in further detail below using examples, but the examples do not limit 
this invention. 

[0030] 
20 [Examples] 

(Working Example) 

The activated oxygen enzyme of a drug delivery system composed of a keratin hydrolysis 
product and super oxide damestase [transliteration] (SOD) was indicated to cause a variety of 
disorders associated mainly with ischemic tissue morbidity and inflammation. Super oxide 
25 damestase [transliteration] (SOD) recently attracted attention for its elimination of activated 
oxygen enzyme toxicity. 

[0031] 

The pharmaceutical application of SOD was actively studied. However, SOD administered into 
30 blood is quickly excreted in urine due to renal glomerulus filtration, and the problem was that it 
was not able to sufficiently achieve the enzyme activity. 
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[0032] 

Therefore, a keratin hydrolysis product was chemically bonded to SOD as described below, and 
its movement in vivo was compared to that of unmodified SOD. 



5 [0033] 

A. Preparation of a Labeled Keratin Hydrolysis Product. 

Hooves of water buffalo were hydrolyzed using Na 2 S, and a keratin hydrolysis product having a 
molecular weight of about 4,000 was obtained using gel filtration. Na 125 l was oxidized using 
lacto peroxidase as the catalyst, and a tyrosine hydrogen in the keratin hydrolysis product 
10 mentioned above was substituted and labeled with 125 l! 

[0034] 

B. Bonding the Labeled Keratin Hydrolysis Product with SOD. 

One gram of the keratin hydrolysis product was dissolved in 50 ml of 0.5M aqueous sodium 
15 bicarbonate solution, and succinic anhydride was added at ten-minute intervals five times in 100 
mg portions. The mixture was agitated for 60 minutes at room temperature and left standing. 
During the reaction, pH was maintained at eight by adding 0.5M sodium bicarbonate. Upon 
completion of the reaction, the mixture was de-salinated and freeze dried to obtain succinylated 
keratin (80% yield). 

20 

[0035] 

SOD and succinylated keratin, 50 mg and 150 mg, respectively, were dissolved in 0.1 M 
phosphoric acid buffer solution (pH 6), and 100 mg of 1-ethyl-3-(3-dimethylaminopropyl) carbo- 
di-imide was added. The mixture was agitated for an hour at room temperature, additional 
25 sixteen hours at 4°C and left standing. Excess succinylated keratin was removed using ultra 
filtration method, and the bonded material fraction was collected using Sefacryl [transliteration] 
S-200 column in gel filtration. The fraction was freeze dried to obtain a SOD-keratin hydrolysis 
product bonded material (30% yield). 

30 [0036] 

C. Administration of Keratin Hydrolysis Product-SOD Complex. 

Fifty milligrams of the keratin hydrolysis product-SOD complex obtained was dissolved in 10 ml 
of distilled water, and pH of the solution was adjusted to 7.4. Upon sterilizing, the solution was 
rapidly administered intravenously to mice (30 g-35 g) from the tail vein (150 \iV30 g). 

10 



[0037] 

D. Time Dependent Concentration Change in Blood. 

Radioactivity was measured using an autowell [transliteration] gamma counter to determine the 
5 concentration in blood, and the time dependent change was investigated. 

[0038] 

The results indicated that the keratin-SOD complex remained in plasma longer than unmodified 
SOD. As shown in Table 2, the half life in blood (al/2) of the unmodified SOD was about seven 
10 minutes, but that of the keratin-SOD complex was about 50 minutes representing an extension 
of at least seven fold. 

[Q039] 
[Table 2] 

15 Pharmaceutical Drug Rate Theory Parameters 





ct1/2(min) 


Unmodified SOD 


7.1 


Keratin hydrolysis product-SOD complex 


51 



[0040] 

The results indicated that high SOD concentration in blood was maintained through SOD 
20 modification of keratin and its activity was also preserved. The keratin hydrolysis product-SOD 
complex of the working example performed better in the areas of in vivo compatibility or toxicity 
than the conventional SOD complexes of poly(ethylene glycol), albumin, and styrene maleic 
acid copolymer. 

25 [0041] 

(Reference Example) 

The in vivo mobile keratin hydrolysis product after administering a keratin hydrolysis product 
using various administration methods was a keratin hydrolysis product obtained from water 
buffalo hooves upon hydrolysis using Na 2 S and subsequent gel filtration. The molecular weight 
30 was about 4,000. 
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[0042] 

The keratin hydrolysis product labeled using chloramine T method or lacto peroxidase method 
was dissolved in a phosphoric acid buffer having pH of 7.4. These products were subsequently 
administered using the methods described below. Radioactivity in the blood, urine or tissue 
5 was measured using an autowell [transliteration] gamma counter. 

[0043] 

1 . Movement in vivo After Trans-pulmonary Administration. 

Mice (30 g-35 g) under general anesthesia using pentobarbital were subjected to trans- 
10 pulmonary administration of 30 ^il of the labeled keratin hydrolysis product in phosphoric acid 
buffer solution (2 mg/ml). 

[0044] 

Concentration changes in blood are shown in Figure 1, a urine excretion curve is shown in 
15 Figure 2, and the time dependent concentration changes in liver and kidney are shown in Figure 
3. 

[0045] 

2. Movement in vivo After Intravenous Administration. 

20 A phosphoric acid buffer solution (400 jig/ml) of the labeled keratin hydrolysis product was 
rapidly administered intravenously (150 jj.I/30 g, 2 mg/kg) to mice (30g-35 g) using a tail vein. 

[0046] 

Concentration changes in blood are shown in Figure 4, a urine excretion curve is shown in 
25 Figure 5, and the time dependent concentration changes in liver and kidney are shown in Figure 
6. 

[0047] 

3. Movement in vivo After Subcutaneous Administration. 

30 A phosphoric acid buffer solution (400 jig/ml) of the labeled keratin hydrolysis product was 
subcutaneously administered (150 nl/30 g, 2 mg/kg) to mice (30g-35 g) on the back. 
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[0048] 

Concentration changes in blood are shown in Figure 7, a urine excretion curve is shown in 
Figure 8, and the time dependent concentration changes in liver and kidney are shown in Figure 
9. 

[0049] 

[Effect of the Invention] 

An inexpensive carrier having low toxicity that can be prepared easily is used in the drug 
delivery system of this invention. A drug delivery system using this carrier can enable a 
pharmaceutical drug to accumulate in specific areas such as liver and kidney and to extend its 
residence time in blood. 

[Simple Explanation of the Figures] 
[Figure 1] 

Concentration changes in blood of a keratin hydrolysis product upon trans-pulmonary 
administration are shown. 

[Figure 2] 

A urine excretion curve of a keratin hydrolysis product upon trans-pulmonary administration is 
shown. 

[Figure 3] 

The time dependent concentration changes of a keratin hydrolysis product in liver and kidney 
upon trans-pulmonary administration are shown. 

[Figure 4] 

Concentration changes in blood of a keratin hydrolysis product upon intravenous administration 
are shown. 

[Figure 5] 

A urine excretion curve of a keratin hydrolysis product upon intravenous administration is 
shown. 
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[Figure 6] 

The time dependent concentration changes of a keratin hydrolysis product in liver and kidney 
upon intravenous administration are shown; 

[Figure 7] 

Concentration changes in blood of a keratin hydrolysis product upon subcutaneous 
administration are shown. 

[Figure 8] 

A urine excretion curve of a keratin hydrolysis product upon subcutaneous administration is 
shown. 

[Figure 9] 

The time dependent concentration changes of a keratin hydrolysis product in liver and kidney 
upon subcutaneous administration are shown. 
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